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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
surface-emitting laser element which can suppress 
leakage of electrons in the well layer of a 
multi-quantum structural part, when electric field is 
applied and obtain large refractive index variations in 
a high electric field. 

SOLUTION: This surface-emitting laser element is 
equipped with the multi- quantum well structure part 104 
between an active layer 101 and a couple of distribution 
Bragg reflectors 102 and 103 facing each other across 
the active layer 101, and is provided with a pair (105, 
106) of 1st electrodes for applying currents to the 
active layer 101 and a pair (106, 107) of 2nd electrodes 
for applying an electric field to the multi-quantum well 
structure part 104 independently of each other; and the 
electric field is applied to the multi-quantum well 
structure part 104 by the pair of the 2nd electrodes to 
vary the refractive index of the multi-quantum well 



structure part 
frequency. 



104, thereby varying the oscillation 



COPYRIGHT: (C)2002,JPO 



1 O 7 



102 
1 OA 



1 0 5 



-L01 



mm 



-1- 



ovRmmff (jp> 02) & M 4# If & ^ ^) 



#$2002 -217488 
(P2002 -217488A) 
(43)&g| H ¥£14$ 8 j] 2 13 (2002. 8. 2) 



(51) IntCl. 7 
HOIS 5/0687 
5/183 
5/323 
5/42 



mmm 



F I 

HOIS 5/0687 
5/183 
5/323 
5/42 



5F0 7 3 



«*«©»14 OL (£ 17 H) 



(21)fflS#^ 


® S2001 - 1 1577( P2001 - 1 1577) 


(71) ffll® A 000006747 








(22)016*0 


¥f£l3if 1£19 0(2001. 1. 19) 








(72)38W# W$ tfCA 


















(74)ft3A 100090240 






#a± *t# mm 






F*-A(##) 5P073 AA61 AA75 AA77 AB02 AB04 






AB17 BA02 CA07 CA17 EA03 




10 6 



(54) mnozm wm.v-+m^&xmwbv-Vi'7,7-k%kxM&&!ffift%£tfw%%\/"V7V4% 

mm) mmmcom&mpmm^mFM^ 

0 1 1 iM'&M 1 0 1 *mA,Ttt\i>\t&-1tfc?>ttft7'7 (==== =J-^_ i o i 

7 1 0 2, 1 0 3 fc ^raC^S*^#FffiitS5 

1 o 4 s vgtti i o i izmmz&Ai-ztzfrow, ^ i o s 
i o*»o« (105, 106) tmrn^xpffim® 
io4t,zm%-zmu-?&tz>ib<7)m2<7)mfecr>ffi ( 1 o 

6, 107) t*^ix-e-ii^c:iStt^n. H2Wi1§ 
coil ( 1 0 6 , 1 0 7) J: 0^a*^#FffijSSl! 1 0 

0 4 cOStf itlfcSifcft S^^l. t CO t £ 



1 O 5 



\ 



WnMtilt^. S2*>Mrc:J:9£**F#F 

wfemzmmmxth z t t * ot^sj^ #Ffti£ 

[ii*Jf2] SttSkI2^tiJB£J^T^fl1-|>-# 

?#pffiikmzn%mm&t:tt>com2(r)m®b m 

f*moT, Buief-a*^#F^itgP^#FS(i. 
HlcOGa I1 In,. I1 N :1 As 1 . 2 i (0<xUl, 0 
£z 1£1 ) lk3?2CDGa l2 I n,. x2 N z2 As 
,- j2 (0<x2Sl, 0<z2£l) flfc^ffljS^gfc 
4 20^*fci")»fife$^, S&lOGa,, I ni.jjN,! 
As,.,, (0<xlgl, O^zl^l ) Jf{±, l?20 
Ga l2 I ni.nN.iAsi-,! (0<x2^1, 0<z2 

las^ffl^i^— rawctjwc, ffiiBssttJifcti. g 

a I nNAs^^^fflV^ilSifc^itt-TI. 

[M*JH5] iMWl«SII««3«)^iYi3&>--flfc 
I^Bii^W— F*?W3Wt, IffiMSteJifcWt. G 
a I nNAs^lWa I n A s^aWfctfftj^&fcfci 

»w/7 7 rRfti&b <miz$>nMrt#pwmzm 
mm&m&mk rrr 4 z t m®btm%K)/ 



!(2) 002-217488 (P2002-21748 8A) 



S^mS<93HBi!fcBi: idle. IM^-tlf 

^#sfi^#F«jta5^^6PSD«E^iss-ri)Sffiffls 

*R*»S fcttBWtMiTUfci t ***** SffifBfcW 

[11*118] £ttlklISttl£&AT^fi*l>-*f 
<0^flTT5 <y^^»fc<^fc£i*^Ffllil»£ffl 
* , «Sttlfc«a*aAi-4fc«><0KS 1 ^mut 
f#PiM«C|»fcmilt4fcW« 2 i: 
*i**UB&fcRftfc*U S^flttfifciO^SratF 
flHISSfc:m#£ EPJD-T 6ZbliZX-oX %MA=t #Fffi m 

mftxi'-vmttftcvitmwbte 
mm<nmmmzmt,ix . gs@&£ u-dwf 

uhzb zmLb^&msm'-irmT. 
imsm ] nim8im<m$tftv— f^b . m 
mmu-vm^nftmrniz. mzm\ixm 
mmzzhftxtt^tkb, mimm^-^m^ 
ftmmizKxmmzz ~>x$.&*m\ ix%.m& 

mm^iy-^m^m.tumx'mtii^tii b*.% 
tiathW£wm®b . mzm.tiimmx'Vimtit: 

^^*t^'ikA btcr>tzb^l,Z, Z<Ob%cr><$.&ytcr>%i 

%bm%Ki'-vm : ?co§>ni?#pffimB'\<offl)m 

Kb coffli& mmhizm®b zGLx^zzttn 

mbi-mmu-^^T^. 

[ii*ii 1 0 ] mimnm<nm?m/-- t^ta 

•Cv^^fe^^kffi^^-ifS^^fiM^F 
S ffi3lJfel^-1f 3JH^^fl*F#F«Baai^^ 

[fl*iBll] H*iI8feiJ^B5BK^— 
^**<o^fi«^#FflBi»fc:EnJn«E* ERSn LT v ^ 

^ttcrt^aaLfe^&i&^atsrttaj-f «. zbizx^ 
xmm;)/-?mttmmmv>mm%zmn i . 

i k * tc ^fi*^ #F^)i fc EP Jd § tix v ^ Epja«E 



1(3) 002-2 1 7488 (P2002-2 1 7488A) 



i mm 1 2 ] mm i ismm 5 , mm 8<v^ 

mm 1 3 ] mm i mmm 5 , mmsw 
■fti^-m^tmcmwt v — •rsHP , mm 
6, mmi , mm9, mmion^-rtifr-mz 
tmnmitKv-jf^xT-j*. ttzii. mmi 2 tea 

[ mm 1 4 ] mm i jiiara&H 5 , mm 8^ 
ifiifr~mzim<7mm,\'-<fm=F. tmt. mm 
6, mmi, mm9, mmio^-fti^-mz 
imnmwtv-ifisAT-j*. ttzit. mmi 211m 

[000 1] 
[0002] 

[0003] 4fc, a*. 1 0Gb P smt&ytim 
mfcZft-oisXT^t ix, fcmmzm (wdm> m 

mi 0Gb P sO7r-Xhm'7 M — VtLXA 

ti^wD MMmtfmg&tix a 9 . 

**£4HM£SiIfrcti, 1^*»*I8IIH?&J8«J*S: 

[0004] w%?/tis— rttt, ^^ft^^x 

[0005] Mil*. £|R TApp 1 . Phys. Le 
tt. 6 2 1 993 p. p. 219j-CJi, ftfiS 
"V >J 7ttXl:J: & i *> T WP£ 



[ 0 0 0 6 ] 4fc, WMPP6 - 18 8 5 1 8#Ttt, * 

a. 

[0007] ffPPFl 0-2 7 94 3-fC'fi, V 

mm^x^m^zmnam 1 , »«*-cnnawfc: 

[0008] 

[0009] ttz. ■? A favssy-yyKLiiVmm 
i,z$mzftoi&x'te. mmxmmmxh'o. m^co 
mt*), mmzfflmmh. 

[0010] Mztfl. **M.=mFXMM*m»l 
MjRWt#Datffc«>«»Ji|4lSt«e9li: L*v\ 

[0011] m&TXpffimxiz, m.t*h xmx. 
m^Km^mt&^^ffrtyjmzx^x , f&wi 
>v9 ^m^tzm^itzitKx-mmomm^m^^m 
hz.t ifx-% h . c\<r>wm,zm^ < mmt u — f -c-ti . 

FWifefe *«IBtt*«fl3i - SWIWanTCOJWB 
[ o o i 2 ] i fc, #pi||**JP-r?4«^tctt, Jtf« 

miz*^y7v-?£±t. mwfmixi 

to. 

[0013] m^x. ATXpmmT-tmtm^tih 

wvx'<n* *V7V~? zwrnx-z immzftK van** 
zcoxoiz, mmvmmz. $-mm.?#pffi 

o u -9 *m<z\ b tmrnx-fo h . 

[0014] «^EPjDB#^)^fi*^#F«3i 

sp^#Fi*^^«^u-^^w$yt, mnwrizh 
ti^xjzzzmmzitzmz. tmffi&wm.v- 

cfc^E^l/— f T VA V%A V9- 3*9 is a 
VyXfA^j;i;o-*/H'J7*7 h7-?yXfA 



!(4) 002-2 17488 (P2002-2 1 7488A) 



[00 15] 

pmmmzm . iSttifc*»*SE*f uhmou 1 *> 

#«*F#P!M3t»t«»fc fflflrt"* - fc J: T ^fi 
*7#F$m^Siff¥££Mt£tff&^&££^fc^ 

«J0#FS<7)W^^{iGa I nNAslMl^ill,; 
[ 0 0 l 6 ] Ztz. H*JB2Ba<o«ffitt, vSttltll 

Ztztbm 1 wttffii: #FflBt»fc:*Jte BttD 
2w«ffifcJ: 9#S*7#Fff£^m#£EpJn-tl>*: 

*^FflBB»tf>#F«i, 3U<0Ga xl I nj.^N,! 
As,.,, (0<xUl, OSz 1S1 ) mtm2C0G 
a l! In 1 . IJ N 22 As 1 . !2 (0<x2gl, 0<z2S 
1 ) JBfcOfflJ&OJIfcS 2^<r>m\iZX Officii. 81 
WGa,, I rij-,! N zl As^i (0<xUl, O^z 
1^1) Jf Ji, ^2c7)Ga,2 I n,. x2 N 22 As,. !2 (0 
<x 2 g 1 , 0 < z 2 ^ 1 ) MlZitKX . fc#»X*^ 
J:tfffi«7#x*;Wf-j&tiSv^ t LX 

[ o o 1 7 ] & mm3afflm,mts mm 1 * 

*F#FflKW)»»i(cJ4, II-vlBHNWWffijWII 
[ 0 0 1 8 ] Ztz , «S3B4 S»tf>#»Jili. iS5f<iM 1 J 1 ? 

fcWt, t&HSttlfctt, GalnNAs^MW 

[00 1 9] ifc. U»*fl5iS«^fMBa, M*«1J5 

&I^T, iJiffiSttJffctt, Ga I nNAsifcliGal 
n A s *mmm»teimrf- K >y M»it#ffll^*U 
Ci:£#$ti I/O**. 

[ o o 2 o ] 4fc. »*«6ie««^fHBa, vSttSfcM 
s i ^mffit ^fiJt^#F«JtSi5^#s: en&p 



iztmwtkix^z. 

[ 0 0 2 1 ] ifc. fl*iB7ietKol6BM. SI*«6SE 

wmmv-ifi/XTMz&^x. mmxmMm* 

mn*E*iwf immwMtfs &krwmlth 

[ o o 2 2 ] 4fc. ii««8igtt<o9«gu. vSttatll 
mM*&A,x-ftmh-mm7y v^sumta 
mz*w*mFitimznt* -mmzmmmxt 
ti&xrm i nmm t znATttFummzmmwrn 

2 mmz x o zw&=F#Ftmmznm z 
t iz x vx&mattFMtiww»t:&fc%i&m 

mmis-^mtttb Ltzmmmmxm 
ftt&mtiamk &hlx^& z t mmt ix^ 

i. 

[0023] ztz. mumnmnmui. m&su. 

WBK. fa^m^Lx^mmz-tthitm*®. 
t, mmftftv-jfm^Kmwizftx^mzi. 
->x ; mm^\ Lx^^ufim^tmm^- d»t 
srjtii Ltz^mkmm.mMm.v-f m=t<r>m. 

msL=F#Fmmmzmi±zmn?&w±mmt. m 

Sft^#F^jt^coEpJa€Et (7«»fcE»t ££tt 

[ o o 2 4 ] if^jf i (mm&tffli* if*JS9 

. mmnmtm^znmtmsms-vm 

o a ixmftKu-vm^comAirRwmmmzmu 
?&£oiz%ix^&ztzm®bix\^. 
[002 514^ if*ifi lfeig^BjJi, mms 

um?i> o t . ffi^ u— r at? #f« 

tt#crffimmfrbfe%zmfcmz%itzittz%.-&% 
muz*, mm^-^m^mmmuz^m 



!( 5) 002-217488 (P2002-21748 8A) 



jifcEP Jd§ fix v * 4 Mn€JE b imztvfc&mtlM b <n 

[ o o 2 6 ] 2 it . mim i 2iaiK^aj3{i, is*ji i 
mmm. 5 , nm. sco^mt^-mzimcomm, 

jbmmm 5 , n#s 8 *> v ^-ttvh^mztmmmt 

ifctt. 11*^6, USE 7. §9*JB9, 

a, tint. m$.m 2tm<mwtv— vtva m 

[oo28] ttz. mm 1 4 §m<mma. i 
j^ii^js 5 , n*^ s w ^nxt^\,zim<mm. 

^tif, ifctt, 11*86, 11*117, |**«9, 

!s*ji i oov^-rn^jatiefi^ffi^i'— r 

A, I»*3S1 2fe«cC0ffl^U-^Tl^^* { ffl 

i/Xr&Xfoh. 
[00 29] 

[^bj^hjs^.^] &t. xmnmitimzmmiz 

mwxmttl. Hi 14. 3Wfc^IS&fcl'-ir*F 

'14® 1 0 1 hflSSttJf 1 0 1 £8^tTO[6j-r4-*t*># 
^7'7 7 ^R8t*8 1 0 2. 1 0 3 1 (rmzm&Ftxp 

mm® i o 4 . vgtta i o i t«atea**-4fc 
*>*>m i nm&^m (io5, io6) h^m*^#F 
flmttf i o 4 Epjirr htzvxngi 2 cr>mm<om 

( 1 0 6, 1 07) t J6»**l-ehaifc:»»tfe*i, 3? 2 
<3*ffi«0« (1 0 6, 1 0 7 ) IZX 0 £fi*^#FJSit 
g& 1 0 4 Bt&irtS Zbl/Z£r>X m&=F#Fffi 

[oo 30] miommm. 

mizli G a I n N A s MH^'fflV > MU. £ £1#a L 

■ctt. imdk i -oxmmimzff o m&?#p 

mm 1 0 4 W#F«^N»fWsmfc:G alnNAsl 

[003 1 ] Ga I nNAsffll mmMnlzX-oX 
±(Cfigp!jffl|WX*;^-^# < ^ LTfc 0 , G a 

a s mw*mm t ^^d^wb-c** 



#. ^InGaAs/GaAsfCW^Iifft 
hZbtfXZZ. 

[0032] %2cr>mmm_ 

u—fm^izte v ix , ^a*^ #F«jta? i o 4 ct)#f 

H4. ilWGa,! I nj.^N,, As,.,, (0<xU 
1, 0^z Ul ) ®t^2«OGa l2 I ni - l2 N z2 As 
(0<x2Sl, 0<z 2^ 1 ) ItcOffi^M^r 
4 2O<0J8t i Ofll^Sil. Hl^Ga,! I nj.^N,, 
As,.,, (0<xl^l, OgzUl) JfU. |g2<50 
Ga, 2 1 n 1 .,2N 22 A Sj. 22 (0<x2^1, 0<z2 

g i ) miz&Kx. &mx*fr*-is£vm&#x 
[0033] -r^^*>. w>2<^%wm.<mmtv-^r 

#F«5tSI5 1 0 4 C0#F®C SftOfte* G a I n N 

FfctT^4„ 02 (a) C(4*im#l^^^*'-h'S 
MrfWFimw <> H *^$itT ^4.02 ( a ) £# 
8^1-4 i:, S$dlWaI nNAsft«(?)I^ 
if$d2C0Ga I nNAsflfcfcioTtfFftWftftS 
^TVi4. X^^-HSft^#Fl&02 (b) J; otc 
A^fr^-f 4i:. €^EnjD<7)tO«i-C14. 
{4, Ztl^tlW&d 1 , d2(?)GaInNAsll;J;o 
T^$n*!fii i #F^«J:4fflt2^>O^SP^^t. ft 

•C^#^rSt)f^W#^ix4. irtthh. X^'-H 
S*^#F«BtT«. «#EPMJ«^H^W^#F1B& 

4/i«>fc:#F«*»< t=5r< fcfiv «fi3H2U:fc 
*^{iSr^<^4^tii^r<. iSm^Ttt'^f^ 'JT 

[ 0 0 3 4 ] Z<7)± o t£X9fl- i fc 

(i. fig*. W8Wtll?*-3it^ Ga I nNAs! 

XtSAAic i oTW»-t4 d 4C1 fc t^wmtfi 

®%iz%&. mmmmizx*), m&wm&mnx. 

T. -*<7)Ga I nNAs?g B B H ^*»l;^tiJu$ 
t Ga ^JiJttC: ioT *BMHB#flfcfirtf> G a I n N A s 

i&&b®mmzKj:&± oiizmmthb. xtx-mi 

a I nNAsSrfflVi4t. flXttAlftfrMff't 4 i b X 

mm* ? a- KS*^#FJ«i£«e# 4 . 
[00 3 5] ^widtc ^,2<r>%mmpmmt^- 



X±Z %®m%it£m Z k . ififcJ: oT» 
4. 

[0036] m3?mtmm. 
*m<r>m 3 ^uss^jBtt. a 1 cox ? tmsms-v 
mi- (s&ictt. »i . 4fc«. m2<omtmm<om% 

mSkLTV^. II-vlBaWMi* HI-VMg&kJt^ 
T*B!MWttME< , ^V^UO&v^fiftiSHFffi 

it £«■ s i k arc z & . m tr g a a s sKcwHte 

-f S Z n S 0 . 06 S e o. 94 T'(± 2 . 6 e VfcLhOSf J#g 
#&4>*U Cd 0 . 58 Zn 0 . 42 S-C«2. 8eVJ2LhOH 
HMHftWIWU MnS 0 . 8 8Se 0 . 12 -?"{i4. 4eVW 
±<^il»«W*MU . -I <7><k o £1 i-vifljftfiam 
tt££SJre#Fffi£wWitflfc UOB^* k , U 

[ 0 0 3 7 ] Hi <Oifif63tl/— f Si 1 ( 3 fcfctt, JR 1 

ttJBl OlCIt Ga I nNAsfilMmffl^S,: 
k#'T'#&o Ga I nNAsfflifcfciSttJIl 0 lflttfl 
t-fSfc, GaAs^RJittJ^T, 0. 9/*mJ;9i 
IISrC'^Kl. 3^m^, 1. 55//mf, jg 

&zbx\ m%miimmt%&. mz, z<m%%\y 

— ( A 1 ) GaAs^- 
Ikf §k#. Gal nNAsffit ( A 1 ) G a A s 

mmffiwmirmtfim i . m±xizx mm 
mmpziti z t & (i^mrasb^ u& 
mmitkkuz. ttw&iM-iwmztii) . 
(±\ r H4 7@^ffl!iia^si^a^^^^S3 

U-N-lOj til 1 . 3ju mUfaWBmi'— f fc 
feV^T^M^Jl^itftaUBWfcWO . 3 9 n m/K, 

siflyflMi^assE-fk** 1 o . 4 2 n m/ k t 1 n 
g a a s vttmz&Kx^n&mz'bh z k #fgg 

SflTH*. ffl£oT. Ga I nNAsfiflfciSttlfci 

set * s . «r *uc j: o r , mmwmvm , mvmmz 

[0038] ±IEvStt«l 0 lfctt, Ga I 

nNAs^liGa I n A s^fflW^rfKH 
7hliji£ffl^3>,rk#?#£. Gal nNAsi^i 



:(6) 002-2 17488 (P2002-21748 8A) 

GaInAslfh'7 bfiji£v£ttJl 1 0 1 fcfflv** k 

GaAslIiCiiUT, l. 2Atm#*»^> 
1. 5 5jum#<9fBgjft£jW#£iU. 36fc. JfrPlM 

f&tmmi. mLtmzxm%z$mzm-z-£$>z 
tare* i. 

[0039] m4ff)mwmm. 

a) com&Mz^tmx-foi. M3*imt&b. zco 
mm,v— vi/x^Mt. mm 1 o 1 tMvSttJii o 
i mAsX-wmh-ttrnm? 7 102, 
i o 3 k comizm&j-ttFffim^ 1 o 4 . *se 
m i o i fc«8S£aEA.i-$fctf><Dff i ^mffioffl < 1 o 
5, i o 6 ) b ^mM^^prnm i o 4 icvjteofti 

•f|.fv!ft^2<7)*S<7)ffl (10 6, 1 07) blfiZtl 

wb&zmi^tL. m2commcDm ( 1 o 6 , 1 o 

7 ) K J: 0 mm#pWm l 0 4 EMirtS 

z b izx^Tzn&TXFmm® i o 4««*f««fl: 

S*fH»S*TWfc'r4ii06*l'-lWFl 1 0k. 

JtW—fSR^l 1 0 k LT. SSfflKp^^JROiiS-rffi 
[0040] ^Offi^^-f i/XrA-Cli. ffiffejtu 

1 2 03MRJt<9ft.-Cv^ii:tJ:«3. «iajSfiSfaB«[ 
J5M5rao5H8»*k =5rl> <t 3 fc, IMI/-^ 1 
1 0^)^fi4^#F^jtgPl 0 4^\<7)EnSDmff 

^.€E ) zmm-i z b s . 

[0041 ] 04li*JHHfcffi4Hfft3fcU-ir5'X^ 
rAT'Ji. H3^ffi^3fcl^— «f J/^AfctJ^T, ^fi 

fi*^#F^jt33 1 0 4^9AKE»mrt««ffii 

mm 1 3 o #s t><zmt>tix v ^ . ffi^7fe^-if« 

^ 1 1 0O^Sl^#F«3i»l 0 4^OEPHn«ES:i« 
S-fl»«EMB^S 1 3 0 #*$ <b t,zmt>tiX ^IZb 

mms. wtxwe) nm&mmmztcztih. 
[0042] mcommmm. 

»lS0l^3S1-0"Cftft. H5S:#9S-ri.k. z<ffffi&t 
vSttil 1 0 1 klSvSlil 1 0 1 *!JW/r 
*f I*Tf S-W<^*r 5 7 1 0 2, 1 0 3 k ^ 
Hfc^SJI^FflKiSB 1 0 4 &mt. VS141 101C 

«»s^aA-rs/v:* , )^i ^t^offl (105, io 

6 ) k^fift^FflBtSl 0 4fcWtWJlrt-4fc» 
^>*2««flS^ffl (1 0 6, 1 07) k*^ii-fit3*4 
fcift»t<b*u ^2c0«fii^*l ( 1 0 6, 1 0 7 ) lei 0 



!(7) 002-217488 (P2002-21748 8A) 



&mi=?m*w&M i o 4 twin em-ri itcio 
x&wtmpmm i o 4 «ojg*f$*^$*f6jg* 

^^k^ffi^ftP-lf'SH^ftl 10^. f!ffi& 
Xl/-ffT**l 1 OcDftaJStMfcte^^fflkWi 

wmipt> as* LiBBfcu— r z m& ttizm 

4. 

[0043] ii-c, 3^aj#si i n:ii ^ffii 

[0044] i!tf)J; 3 KSfflBtl/— fUtl^fls 1 1 00 

%mmt &m<m<?>m.%&mz . msb^-- m 

l 0<7)^fcHSt®*^ASttffi^W'— 

m^mmmmmi mzx^x^m-t^zt^x 
[0045] m<ommm. 

vmms-tt? (is^i^-ftf) k. ffi 

Alt£tf4ftAl^ai 4 0 k. HfcJfcl'-ir*?*)* 
aj»1Bt3l£A«#ai 4 OfcJ:oTil«*iWll/C*fe 
**AWS«B»*l'- 1 l 0 ) SriS 

ai i iTiaaj3*u»k#, *t&B#ai i l-cawns 

sti^s«^#F*f jts i o 4 nmEfriw 
4mjEE«a 142k. 3fc«*»#a 1 4 1 -c&as 

^m^tm^^-fm^-^msFF^Fmmm 04 

^epan«Ek^)Wflfi^iBtl't4iEtt#a 1 4 3 k £W 
LTV**. 

[0046] !26<?)®fBfcU— TxXrATti. ffifbfc 

v— m^^mm.^pWMU i o 4 kotbestep 

»#a 1 4 0(c J: I LT#fe^SrAI*$ 

ffejti^— wiw)*«jaj#ai i i-c«ajs*. 
*ati*aj$*uit3te<wiait3i£»«ttD*ai4 l-ctwo 

T4 . * IX . ft*#«a 1 4 1 -CtMnSfutftO* 

Wfr-^%^(n%mmFt#T i m& i o 4 ^enjn« 

ffik <DKf£&iEli#a 1 4 3 fclEtt*4 . * . IBM 

*ai 4 3iziimtix^i%.&ft<7)%.%tm&yti'- 

1f*?*>£S*?#Ffll3SS 1 0 4^EpjD«ff k 



ai 4 2£J:-?-T. ffifBfcl^-1f*^#S* : P#FW 
itS 1 0 4 'M>8mEE£Mllrt~£ i k #"CS 4 . 

[0047] ttz. m7i&m6(?)mmmcom%z£\'- 
f^xT^<r>m<r>^m^-fUX'hh. mi<m%± 

wc. mtitv— rm : ? : £pjin<o}m%ig:x$mz-£& 

k#t. «J±epjo^ai4 2{i. i9rStf>£*»£fc:*fiE 
9ttD«EE£fEtt¥a 1 4 3 j&> «?> i ISWCIPJ DtBLTSi^ 

%u-y s m?<7)%na.?#pffiikM i o 4 tattirt* £ 

5t;:&oT^4. 

[0048] micr>m%dt\<— fy^f AT'li. €JE£P 

jn^ai 4 2ti. ma^^&iiKttjs-f 4ffl&ftl'- 
^m^<^^JfcI: ; ?#FffJIm o 4 v)9mn«E^tt 
#a 1 4 3 *6ffl o as ^xmwtv-^m^^mM^ 

#FflBSSl 04lizmoti>Xd^'iX^tcOX. ffi 

(c, epjd«e* mmw-ti z k 4 . 

[0049] i« J: d (c, *6<omBgJB<Oiif»3ei^- 
*104fc«iiii«Et9*iUr^4««fr» H^l^- 

S-jSjiLfe*fe3te^**Sr*aj-r4i k tzx^xmm, 

mm ) * ma l . - o k # tc£**p#Fii3a» i o 
4mmzftx^mtmj£tmmixt:&Mmk (n 

fe3K^)Ait»*) kc7)W«^#aiL. HiUL^QOiKE 
kftffi^koK^t^^EpjnmE^iiSLT. J±ig 
^^DIS1-4Ck* i t-§4. 

[00503 4fc, WBfW^ftfciittJawi: 

l. i^mwitmiitimmmMZM^x . #mmzx 
m<?$m%ztfiiiii-hmx\ ®ft&£iznixmE m 

S) £Jn£4^k#T#4. dO^tli. ffl^l^- 

%s%itz><?)?f-x&wx\ lemur 54 xwztob 

tktUt 4 i k #"e# 4 OT. JMRfR<7)^ v ^ffiffejfel^— f 

[0051] mm-rnti'. w,t>nmtmmcr)mwt\/- 

Bifc. #^5-^Sr^Wt^t$-frTAItL. ^tti 
itiBkJ4RW<^^*«»i{8iiife:a»tfc3Kftaj#a 1 1 
lSrfflV^T. ^mft&m&L. *«^S:IS<. Z\cob 

fiJt^Ait^ k *» 4> . ffi^ i^— f nmtgkft 
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[0052] m7<7)mtmm_ 

v > h s^feu—f-'r v a x-b o . z <nm i nmmmx- 

[oo 53] &8commm. 

2, m3ttdim5cDmtmmcom^u-^mi-. t 
Kit. %a twm 6 <r>mmmmm t v~^XT 

A. ifcli. »7^l(BWi«1i0tel6U-" f7W#ffl 
\,^tL&%.4 y?-3*?i/syi'ATj>.x-fo< f ). zcr> 
mscommmmxu. m^i z t s&ji#&0i# 

ifcft4HM£S (WDM) fclflv*fc*-f y*-3* 

? x 3 yi/xr-^zmtemtz z t a*c* & . 
[0054] m9ommm. 

2, m3i^(iH5oHM^ffi^l^— 9**?. * 

a. 4fcii. »7^QBB»<oiifi3ew— fru^f 
v^*i4n-^xUT*y (LAN) i/Xf 

at* 1 ?. zcom9(Dmmmmxn. m^&ztwt 
mmmmm^\ mmmm (wdm) stev^ 

ft L A N yXfA £®%t,zm®t& Z b tfX'% h . 
[0055] 

[gum ustwi. 

— IfSHHi, n-GaAs||2lC, AlAs/Ga 
As^SS^r^SWflSS^^Sn-DBR (#7117 
5-y^Rlt») 3t. T^K-rGaAs^-t-I 
4t, Ga I nNAs/GaAs MQWvSttJ! 5 t s 7* 

p-AlAsf7 

t, p-GaAs3^^H9t J3iff3^)8tf)*:tf> 
COGa I nNAs/GaAsfcJ;S£S*^#Ffli3tS 
1 It. A l 0 . 8 Ga 0 .2As/GaAsCO2 5^7<#K 
lffiJaA^^I>ryh*-7'DBRl 2t , p-GaAs 

^y99vmi3ttmmm^iix^h. -euc n 

-GaAsIH2 *)«ffiKtt n 1 *«£ft. 4 
ft, p-GaAs3y*?M9±fcttp*ffil0jWB 
)&£ft, 4fc, p-GaAs3y^^hJ113±(C(ip 

[00 5 6] =5ri3. WtWlTU, *Stt/15t UGa 
I nNAs/GaAsffllfr&fc^M^FiSttl 
fcJflVVfc. <I<7)t#, vS14/l5c7)Ga I nNAsJfc7)JS 
££7nmtU 4fc, $Sttl5<9GaAsJl«0Jf 
1 5 nrnt Lfc. Ga I nNAsiflf) I nilliO. 
3 bit:. 

[0057]i/c, P -GaAs3y^^M9, 13 
-eft-eft 1 0 0 nrnt U A 1 A sJf7c7)JiS 



£30nmtl/C. GaAs^-t-14, 6, vStt 
15, 3>^M9, a^Si^FfltiSSB 1 1 

m i , 2 «t a tens Lfc . 

[00 58] 4fc, ryH-TDBRl 2(7) A 1 0>8 G 
a 0 . 2 AsJBtf)S§£ 108 nrnt U TV F— 7°DB 
Rl 2<7)GaAsJI<7)JI££9 5nmtL7t < , 4£, n 
-DBR30A 1 Aslc7)Jf$^ 1 1 2 nmt U n- 
DBR3<9GaAsJ10@££9 5 nmkLfc. 

[ 0 0 5 9 ] 4fc, £S*7#Ffi§*tg|5 1 Hi, A 1 G 
aAsRSBOgSfc 1 Onnu GaInNAs#Fl 
COJI££l Onma, 18WHBU:. 4fc, 

fc. 

[0060] HSOffi^l^—ifS^is 

Sfcio-cffiHSfti. mocvds 

IzX-oX. n-GaAslS2lt, A 1 As/GaA 
stfD3 5^rc0SSffi^^^|,n-DBR (#ffi75 
y /RftNS ) 3 t , 7 y F-7G a A s S 4 

i. Gal nNAs/GaAsMQWSfi|5L 7V 
K-rGaAs^-f-16):, p-AlAsiI7 
t. p-GaAs3y^^M9L Efif$^I^ft 
<0Ga I nNAs/GaAs fc«fcS£fiJtf#FI«taff 
lit, A l 0 8 Ga 0 2 As/GaAsCO2 5^7^ 
lflfit*>4>«ri7^H-rDBRl 2t. P-GaAs 
3y*?FJf 13t£HS&K;fiJI-f-g>. 
[006 1 ] Ifrhlk. 33WKfcJ:- 5 "OK*MK (R 

fcAO. p-GaAsay^Ml3Hp-GaA 

v : Jx\-n?-y&%$clX. 3y^ni9. aia 
sl70x.yf-y^*S:JI^ff : Sro. MS* 

isswub^+ta i a s*7oa!m«kifiv\ 3^ 

P«S14*, fft-fft, t//Xh<7)l>7h7j-7££ffl 

rid (ftmmnmu) z^thnmmimm- 

[0062] msnmffltl'-' f%=FX'te. PlilO 
t nW& 1 fcflfflfcjf^ 7X«ESrEPJp-fl» <I t T\ 

atti5^maaA2rm\ , p«« 1 4 1 P mffi 

1 0 1 «3Sffi€rEpJll7l» Z. b izX oT^Sft^#F 
^)i^l l^vc7)«^OTD («EEPSn) 5rffoCt^-C'# 

[0063] mm 1 -ctt. Biff o ^sa^ 

#F«Jtg|5 1 1 Otf^fcG a I nNAs/GaAs ?J1bb 
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tfmvbtLi ztizx*), fcm^y YypmMtfm 

*\^cDt%h. ttz. ^Sft^F#F«JiSl 1W#F 
ISflfeGa I nNAsaat^iii: ioT, 

^Fflfitssi in®=Fm&mmzkt^ximthz 

tifiX'Zh. ZMzX->X. $[^mJf<7)DBRJf 

mnmx-h*). mmmsi, m?<mt<v£fcz 
9m\x'%&. 

[00 64] ttz. msMlX'it. SttJ15tZGa I n 
[006 5] m&M2. 

m 9 immm 2 <nw9Wi'-*3&^ifflzms8.m 
vctmx-hh . 11 9 z&m? h t s mm 2 msm* 

-flfll n-GaAsi|2 2it, AlAs/G 
aAs<7)3 5^7^Wfflt®J&>£>$r4n-DBR2 3 
fc , Effi^^CQtzSbCDG alnNAs/GaAsti 
Z%mM.=F#pffiik®24t. p-GaAsay^?h 
Jf25fc* rvN'-TGaAsX^- 9"-l27i:, G 
a I nNAs/GaAsMQWvSttS2 8i. 7>K- 
TG a A s .*/<.— if —if 2 9b. p-AlAsJf30 
k N Al,. 8 Ga 0 . 2 As/GaAs(7)2 5^7Cj:S7 
y K— 7D BR3 2i. p-GaAs3^^M33 
fcjWIiMIWSfl-O*. *LT, n-GaAsl!2 
2tfO»ffiK«;n«ffi2 1;fWBJS3*U p — G a A 

s 3^^; M2 5±(Clintffi2 6A«»)S§^ * 
*_\ p-GaAsny^?M3 3idipfl3 4!!i>' 

[ 0 0 6 6 ] £ z x\ mm 2 <mm: iz-msr ( 11 

*l)££)g&&2ocDGa I nNAsJl-dttSSftT 

[ 0 0 6 7 ] fcfc. HJfe0«J2?)iB?£^~ 9*PIC8H 
t, &S»iia&tf D B Rfl|&tt£jfeffl l eoMIBfcl— 

[0068] ifc. mm2<m$k&\s~4fm-£.ti^ 
x, %mM,?#pffim&2 4iz, GaAsmmnifz 

i 1 0 nmi LtZo ttz, £aj£F#F»£»2 4<0# 
P~mZW®,-$h2mcr>Ga, I nNAsl^Jf Stt, <Wl 
-f:fl5nmi:U:. *fc, #F«£fl»j£-f 4 28tf)Ga 
I nNAsJfii. (N) fcjtfl nffl^HStJ: 
ot> Htl«WMBi:«r4J:dtU -^GalnN 
A s ScofS^x^^^-j&Wofe^x^;^-^ 
ib^T, 3 0meVg«ffi<*4J:afe:Lfc. 



[0069] S*£8SinLfc*&fc:U:, aUHMI*^ 
-f 4 k k i iz. &mto£V9*=Mltox*ti*-im 
TU m L m.li'hZ<%&. I nf&j££*#< 

x*;Wf-jWST I s «*Htox*yWfH±Jttin L , 
k&4. 

[ 0 0 7 0 ] ifc. ^a*?#Fffi£g|52 4£ftO*^ 

0 m e v JjLhSfx fc fc* J: 5 Lfc . 
[007 1 ] H9<7Dffi&3fcl>— fSTO. i 3^ri 
mi,z£^XimZti& . tKhh. ftf. MOCVDffi 
IZX-oX. n-GaAsi|2 2±£, AlAs/Ga 
Asc7)3 5^r<7MMW&h^£hn-DhR23t. 
JMVTWZMC0t2#)<0G a I nNAs/GaAsCJ:^ 
fi*^#FI?tjISI524k, P -GaAs3y^^M2 
5k, 7yK-7GaAsX'<-t-12 7i < Gal 
nNAs/GaAsMQWSttl28t, 7^K-7G 
aAs^- 9"-JI29k. p-AlAsl30k. A 
l 0 . 8 Ga 0 . 2 As/GaAs^2 S^TtAiTyH- 
7°D BR3 2 k » p-GaAs3y??M33k£)f 
fcfefMT*. Up4«, H8^)ii0S3tU-f*FfcH 
K^x-yf-y^fcioT. p-GaAsny^ 

? H2 5±.iX'co&mzx* h«ti7fymi 
u ^K^mnsim^-C'A i a s «3 o^aaRKffc* 

«aMfcflM3 llcJ:6tiiBWWfafc*-i 

*-mmmmfflf&. mz, nti26, P ss3 
4 m<m& l , 2 2 ?)»ffifcftaMffl<Di§p & 

[0072] H9^ffl»*U-1faiHF-«i, p€®3 4 

->X, vSttl2 8^1cS?±A&ff^V\ n«S2 
1 1 nWM26 t<DmzW±*$ito-f&Zt! l z£'>X§> 

a£k* { t'#s. 

[0073] 2Sjt092tf>iffiffe3teu-- D*Fttt, ^S* 
^#FflBta524S:SSttJB2 8k n-DBR2 3k<0ia 

mz%&. 

[0074] ttz. mmm2<^m%^-^m=Fxu. 
%nm.=?-#pffifem2 4 co#fi^ , ajfoog&s 2a 

cOGa I nNAsafttCiS^^^r-KflBSkUTV^ 

ztizkix, fflt#pm£v#pmm^ti&-M 
mzxzitBXTy^vju&TXFtMtimix. $ 
mM-^pmm^con tmmmzn ix%m%.&co%. 
lutitk* < msmm^ z t vx-z 1. ttz. 

[00 75] nmM2X'l&. GatiZVWm 

(n) mnmmmi. mimmmm+iGa 
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I n N A s lf a t; j: o tx^ K«3li : F#FS'« 
Ltltf. Z(7MiZii. Ztl?tL<7)Ga I nNAsM^m 
MiJflffiJi^Sr^T^Ttllv^ 4£, &izB&fflL<7>* 

[ 0 0 7 6 ] 4fc, H*W2»H3teCU-lf» : Ffc:*JV^ 

•t . mm i mmz. sea ^g a i n n a s iia 

[0 0 7 7] £Jfe0!3. 

0 l 0 ttggjtffl 3 affl»£U-irSH^ttfl^llj£W 

^mmimscom^tmt^xa*). Biotas 

[0078] H»M3<01Bf63tU— flftli- £S* 

t #Ftfita 1 1 m mm * n- v ibsi a***?* *> 

Cd 0 . 58 Zn M2 sa. #Fl<7)*ffi£Ga I n N A 
sfcL-CV^, 4£. igtt*5fctt, SK^-FT"^ 
SMfr-JtGa I nAstfb'7 hfcJflWO*&. * 

ussfltii&tf d b R^ittinssM 1 1 nmxh h . 

[ 0 0 7 9 ] 111 OcOffl^U— f*^{i, &*>J: oS: 

*m=?-mmzLx. msM. sitx. im. 

mm&mmi 6£xt°y3-hu #*hg&#<7)« 

m^pWsm&Tfc Lx^zmmth ztifxt &. 
[0080] mm\3com%^-^rmi-X'\i. ^a* 
=F#pm jss i i mmmizc d 0 . 53 z n 0 . 42 s^cdii 

•j-C, ffll«cJ:4tl«ft#2«Sr<, tfcMfW&«M2: 
[0081] 2lJS4flj4. 

H 1 1 l4Htftf?iJ4 cmWt^-'f'y^ AcogmiKffi 

ism&fiim*'Ci>i. mi icmwt^— fyxfA 

KoX^h, tttbh, 01 lOffi^U—ifVXrA 
£«:tftiiiU EBB*!/-*** 1 1 OOJHRftftWJrH 



trtLTtsO. AW TXiW»|lI»42ti:oTiif63K 
1 1 0<08fi«J»JfflH&WCff&3 J: 3 fc 
frot^S. J: 3 fc, AWTXffl 

P08&4 2(4. H4cOHSS^ffi^li^«ltti^Sl 2 

0 fc «ffiil«5#g 1 3 0 fc ottig* Util ufc ?)b &o 

[ 0 0 8 2 ] 0 1 1 OjB&ftl'-- f isTsTMzXtltt , 

h<r>x\ &m9m»m<*tt'&&>w>\ mi.m 

[0 083] $»W5_ 

0 1 2 1 iHMCT 5 oiB r mwmmmm 

tttmxfoh. 01 2O0feti, sfrFtf)**^ 
ttWmms, 01 Oc7)^-?i:|5]ti:^oTfcO. 01 
2fci3Vvt. 08, 01 0fc#J6*41B»ffcttHM*# 

[0 084] 01 2commt^— r&m. mwtv- 

01 0<7)ffi^U— if^cOp-GaAs 

3WMi3ic»i5 osam^xtttti^a 1 

1 1 t IXCOp i n^^-K 1 7jWBJ*S*1, P i n 
^^-b'17±(C, n-GaAs3^nil8, 

[0085] n»j5 ommtv— f %¥\±. mmm 

1 , mtm 3 t H«<0#JSt X otp-GaAs^y? 
^ h S 1 3 4 1 1 mtztgAAS u *fe . 

Ga I nNAsTO>^5p i n/^-H 7, n 
-GaAs3^^Ml8<0fgMMffl\ H»J 

m\mm2 mx-h o » p i n ^ h 1 7 {i^ffiit® 

i n ^W ^- H 1 7_b^{±. P in^^-F17 1« 

4. 

[0086] mmm5<m^u~- m?ii. nmm 

1. p€S 1 0 frJKA'-f LTffitt* 5^«SSSEAS' 
ff=5r^C:i:* 5 T'#, pS® 1 oav*p*fiil 4(c 
J: o T ^Sft^#F^jtgP 1 1 BPJD LTSM* 

5-^ft§1i-4^i:^T"#. P«*14&tfn«S 
1 9C«toTp i n^-f^-Kl 7Sr^^7XLT^ 

[ 0 0 8 7 ] 0 1 2«ffif63eu— f S^Til. ^ffiB#^ 

*"rffi-c*s. 47t. p i n^-f5r-Hi7o*mku 
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[0088] mm 5 msm^r*&r!%±. mm, 
-rizt x\ £ttfiw*ffi&Mcf£tt£ft&aj#i& i 

1 1 (Hi 2<7}#JT'l;t P i ny-f K 1 7 ) fc i 0 

Ti&Wnmi&m&b b i> iZ7 5 -y u « 

^IE1I#IMaii£-rc*KCkT\ **4W3HB9K: 

6 . i<OJ: a fc LTtfcSlffitffrSfi^iBfftftW- if* 
[0 08 9] JOt0V6. 

m.i/*TJ*<r>mmm&w* : *-?mx'bh. hi 3 

gSfi.ftffilBfcl'-lfTM (^«S7W) 4 2#£ 
i*53KSk LTfflV^n-Cfc 0 ) . ^M7#Ff?fjI^ 

oT, 7W 4 2 rtOnflKOffiJtet^— f*^fttc*5: 

sifeiE»^Aj. a 2 , -, \ tl bmt>tihz.oi,z%\\m 

tiX^h. 7WWKtil8*xJ20Mci2»^ 

[0090] z<m. mm.u-?m?mzMmm 
X'b->xi>&\\ 

[0091] mm6<mm.v-4fT\s4 (mskr 

&zbtfX'*icox\ mmmwm<. ttz. %mm. 
u-vm=Fizm i , w, 2 , m 3 1 tdtm 5 <rm®m<r> 
mm.is-*fm?m^fzzbx\ to&m$mt>& 
\>\ 

[0092] mmmi. 

Hi 4(iHte0iJ7^^ yf-aMis 3 y^xf-Ac/) 
f»J£^-fHT'l>l>, IH^y^yj 
yv*fvM4.f-«yrikf-«y72fc<Aia^7r4*A* 
LTftfi^OilgllSrfi 1 d J: ^ frC v * S . 

f-yri , f->y7°2£J2, Hi 3iZ^ltzXo 

» 3 S fc«&5 5 OHi»B»«ffif^--F*?, * 
»4i/s{^6^I^J8^)ffi?63Kl^-1f^TA 



if r M 4 2 - 1 b , ><4 7**J»I1IK4 3 - 1 k , £ 
« • #»^S4 4 - 1 k , P D*tf>»6¥»4 5-14: 
aWt^ivO^.. f--y 7*2 iiiffeJKU- 

f7M 4 2 - 2 k . AM 77.0JMs|g§4 3 - 2 k , £ 
»-'»«#a44-2fc, PD**8BI&#R4 5-2fc 

[00 93] Hi 4^^ ^-3^ya VI/Xt-I* 

fcBBBteU— 77W (£ifcS7 W ) 4 2 - 1 , 4 2 
-2£ffl^T&9. SfiOITtt. 0Utfft#7°7-^ 
^ft#a4 4-lifc{i44-2fci-?T» -#<D#7 

y^¥^^S4 4 - 2 4fcli4 4 - 1 fci ->T** 

»fc**4HftUfca, p D*os*^a4 5 - 2 

4 5 - 1 fc i oTfi-t^fi*TOill> . 
[0 0 94] |14^V^-3^y 3 y-/XfA 
Ttt. >M TXVmwm 3 - 1 , 4 3 - 2 Ji. 

«o»s*e««ai-r s ^ k c i -> x, mwt 
<n%mM.tt¥wmzmtth%wmM*ft~>x\^ 

6. 

[00 95] i^:. mi4<ryjtAV9-?i*?i'*yi' 

flsnfti'-if*?, i^tt, m4t/Liim6c7)HM^ 

*Jtianrcjt£v « "T^^fflv ^ s ; k tf? # 4 ; k to 
h , fl!*fclk^^di^ W «giH* ffjttfr 3 i k ^flg 
k^4. 

[0 0 96] H»J8. 

HI 5J4SaiW8^)0-^xUT*yh7-^ (LA 
N) ^rA<Ofl|«0!*^-HT25S. HI 5C0LAN 
yXfAlt mtb+t-rt-bV>ffi*4— h (fi 
»1) f^/n h 3Mz£~>Xft*>--7'Mz£-oXm 

WLixmftLZtix^i. mm. zmniynrmzz 
a vf£#mti. mzarzj yi-^itixv-^- 

4ik«or#*ifej|#«tj£^. flMflSfctifc*** 
<0ffif8es ^ (cff oik *^TIgk * 4 . 
[0097] 

%mz xtitf. mmmzx ^xmmmt^i^ 



[0098] -f&*>*>. ifcHl-l. 3x£m#«0®^ 

$£#MLJ;o kUi*§-£. ^*^III-vKMb b b ^«* 
tfiftTte. M^-if I n G a A s W#Fl^t4(C W 
^tL^o L*»U GalnNAsK^lifSFl 

m-Lxm, mtmmmminGaAsmtitmi 

fc*£ . £«WDI(C»V vtfr V i"r)V#p*m £ b # 
MoT. ^S^Ep»t#FS*^'J-^L 

**a:BWr«Wfc£f§4 4. £*U;:J:oT. 

[00 99] ifc. Ga I nNAsfcfltt. MUt^jD 
G a A s ?g B B B k Jt« LXWRbVfcfzm&i'te < + 

hzttfx^h. 'tk^mmmitv-^m^xu, mm 
*s*#*s \ znm.TRpmm.v d b ri 

ft§*TLi5. £<9J:3fcJ¥^RI«££#gkt-4ffl 

[oioo] ft&g i SEttowsa i a izzm=F#pffi 

m^CDttpmG a I n N A sSfifc-fi k . 

Fffi^gP. &tf»//mJPWDBR£*S*irf!tJ| 
£k#T'#4. £*!(;,£ oT. «pttO&#$*p£t§S 
£k#T'#4. 

[ 0 1 0 1 ] »*«2faS^BHHJ:ii{f . 1^ 

0#Fl^«^4Ga I nNAslTffMU * 
* KS£&k fc* J: 3 LT v >S ffij*#<9Ep 
WT<offl*f«M*W*> < , MfcJ: 0 tfiwq 7 
X«ET**# &S#W^fciH#4 £ k #T# . £*U;:J; 

[ 0 1 0 2 ] i fc, iWEfl3e«W»!8fcJ:*ur, If* 

if i * fcttnm 2 fcie«^iif«ei/— f i > 
t. zmmmptimm&MMt. n-vim^mw 
ttmm^t>tihv>x\ »7(mim>ffimK#i 

awn ^y-^^Mwtwjt^ mzx^x. 
mm^mmzhtz^x±%^mmwmi\Atm^fi. 
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[ 0 1 0 3 ] »*«4ie»<of6Wfc: AWf . II* 

is i mm *js 3 ^^m^JS^iem^M^i/— r 

#Ffc*ilrVC. WESIttlitli, Gal nNAsfl* 
tmsWH^Wl**)?. GaAsifchl^ 1. 3/xm 

flf, 1. 5 £iiJ: 9 iMt^fcflfrk*. 

o . 9 /z m x o i «*iE»oiii»3ei/— fm=?m& £ 

k #T'§= 4 . 4 £. G a A s *«UT1ift B D p|f & A 1 G 
a As/A 1AsDBR^>, A 1 As^jMtRgHfcfciS 

£*1. Ga I nNAsMJlTli. fisWrC 
<W<y \*?Ft£BM&±Z < 'J 7c0:*-a'-7O-# 
*&£tt<cfliM3ti6. MoT, ft&tgBttSEtf&l'UK 

tf. ^CSK rm4 70^»l^M^ji^Ii?I^m*3 
1 a - N - 1 0 j T(i. 1 . 3 ju m#OffiffiMl^-if (C 
iJV^SHRaJloK^aMBWW^O . 3 9 nm/K, 

SfBIflNBOiftaBWk*** 0 . 4 2 n m/K t m&> I n 

g a a s p mititKxwm&ntitcb hz\t im& 

$ilTV^« MoT. Gal nNAsSfiSrSttlfct 

[ 0 1 0 4 ] 4fc. H*«5Ba^)fHHfc:J:*itf. II* 
if 1 ^II^JlScov^-f'^^^ISIKwffilBt^— tf 
#pfc*$VvC, IJIBffittflifcJi. G a I n N A s £.tzlt 
Ga I nAs^MflK441?^ b«BS*«fflV^ 
t>tl&0)X\ GaAsltiCfclT, 1. 2//m#*» 
<b 1 . 55u mW0%m&t:fti> - b * J T'§ , 
S^^ttSr ft 4 £ k * { T# 4 . t tz . Jff H v h «i§T- 

•T4£k*^k^0. M*^T, *^ 

, wmc?>i&Tzm\-t& n b t-# h . 

[ 0 1 0 5 ] *fc, M«qf 6Ctt(0ffimK: ifUf. SStt 

&b(7)mzm&=?#pmmmmi. mmetnti 

ti. m2nw®iz£y)%na.?#pffimmzm&z®to 

^-^m^mmmmtmmmmtn^^b 
zGixn 0 . wmsmmtt* ->x , 

$>MM.?#pim<D>u Txgfitimseti z t wx 

[0106]*^ »«J«7E«<o«BBfc:J:*itf, II* 
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[ 0 l 0 7 J 4fc« M^8Eftaftffl£J:*itir . 

&xtit:tbm i vtrnt *s*F#pwiawc«» 

•fl, i k fc J: £S*^#F*JfatoE0r*££'fcS 

Ait t «:Bi<o»?w2isiftt^*<ttajT s , a p c mm 
[o 1 0 8] ttz. mxmnmomuzxtitf, tm 
frisffi^i^-f-wco^aiWffi^^AW^ 

Sfci LT#€3fc^AW$ftffl^^- 
-otztZiz. tot* (r>e^t<m^ t f % 

statist fcwi/a***}?, ^mAc^e 

[ o i o 9 ] a*, ff*nu oBtt^qBtiwx. it 
-^mi-mm<nmmx°3mz*£ht%^ mm 

ffiWn#gBi , 1 (CR1I $ fix v > & 4Lfi3£OtfcA 

fc^wflMcatcJ*, j»a*g«^*fc»^4iB»#i' 

k#T'§&. 

[0 1 1 0] 4fc, 11*111 lKW0*!IIfcJ:*ltf , If 
*fl8iEig^ffi^^-if^coft«^^^i)gsi-|,^ 



ffittmmzmms. *mvLx \^mx- , mwt\y 
-^mttw^mmfrhm^zmmiz^ztt 

*fe^o7t*^^ffi-r § c: k t± oTSBBeu-ir*? 

*ftoftMI<9#&ttJt£ wo U . £ tf> k # 

#PWftfc EPJP § ftT ^ h EP JD*E k «» $ 

Wfftc*^*. EPjD«ff£fM8LT&«i£*£l)!lfi-fl> 
crc. *^fag«^*wa^fi«ift^k 

SlftBfi £ k * o 
[o 1 1 1 ] 4fc, li^ifi 2tm<n%mzXtdf. If 

*s i Jbsit^JM 5 , mm s <o i ^m^Jitci^ 
[0112] mmi 3Ea^»w(ciWf , ii*jfi 

^Mif *H 5 , lfl*3S 8 M mLiP~#£UM0m% 
V-^fm. 4fctt. if*«6, IM8B7. IS*JS9, 
11*311 0^V^-m^-Jl{;IB»OBB^tW— fyXf 

a. ifcji, ii*«i 2E«oiH»*i/-irrw*ffl 

y^XrA*.*^tf#'?>ft. *HL<ryf—9 ZMmizmm 
t&Z\ttfX'Zh, ttz. |f*^l 3co^rA-C1i. 

[0 1 1 3] lf*iSl 4E«^»afc:J:*itf. If 

*ii i 5 , it*Ji 8 w i ^t*i*^-«tcie«o 

BSffeJtU-f*?. tizit. 11*116, If*3l7, H* 
119, |f*«l 0e>^?tli)^-mZ3m<7)Mm;U— f 

yxfA, if*iii 2im<mwt^-^rr\y 
4 zm\^xLAH^XTA*m$L-th<7)x\ mmhz\ 
bcox-z&m^mstffowDMzm^tzftLANi' 

A-f A*^r-^ 

£ k^T'# h . 1 0 G b P s J2»W7 7-* h*#t*<y 

h-f— htli, 4jftS*fflV^WDM5/^rAA« 

^«RJ4Hfc:«llirt h i>cot%i ktih . 4 fc , ff*il 

cikj&*nrtgT-s>s. 

[HI ] W^ffi^^-ifWco-W&^-tllT'J) 

[02] ^^^-HSyN>F«Ji^?Kt@T*6. 
[03 ] *%BBfcffiSiB563eu— f ^XrA^flUSWS: 

[04 ] ifWMzmmm^-^^wmm®, 
mz^-tmxhh. 
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[H5 ] *%pmzi&m%%i'--fm z Fv>ffif£.Mz*i- 
0iJ£s^-0T-;56. 

ens ] nffiw i crmmtv— m?<vmmffi&M 

[09] hjs^j 2 cnmwtv -ym? nmmrnm 
z^-trnxfoi. 

[01 o] nmm3<7)mmu— m^commm®, 

[0in mmm4<7)m^]y~i'^^T^(7)Mm^ 

[012] 5 mm, f commm®. 
m^-tmx-hh. 

[0i 3] mmme^mwtv— fru-izmvzm 
jm^tac?) mM%mmit*-tmx$>z> . 

[014] USSMYco^y^-^^^vay^rA 
cDffif£MZ^i-mx-$)&„ 

[01 5] H^j8c7)LAN^Xr^^MS:*-t0 

[##«)!] 

l 0 l vSttS 

1 0 2, 1 03 #flT/ 7 -y ?'KM§5 

I 0 4 £S*^#Ff»£gP 
105,106,107 Hffi 

I I o m=f 
1 2 o iM^aj^a 

[01] 



1 3 0 €ffilf 
1 4 0 3Mf#& 
1 4 1 ft«#»J3 

1 4 2 mffEnsn^g 
1 4 3 mm® 

1 , 2 6, 21, 19 nfffi 

2, 22 n-GaAslI 

3,23 n-DBR {ft1$7y>v7"UM 

m 

5, 28 GalnNAs/GaAsMQW 

mm 

4, 6, 27, 29 TyH-TGaAsX 

7, 30 p-A1As1 

8, 31 mmitmm 

9, 1 3, 2 5, 33 p-GaAsny? 

11,24 %m&ir#pmm® 

1 2,32 7*y F— 7°DBR 

10, i4, 34 P mm 

1 5 Ig^li 
1 6 ^IttStBi 

17 pinf^-M8 n-G 

aAs3y^ hM 

4 2 mWLV- -fTUJ 

4 3 7X$M[s]g& 

44-1, 4 4-2 

4 5-1, 4 5-2 5tft#S 



[02] 



10 7 
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[03] 



[04] 



10 7 



^104 



1 0 5 
12 0 



10 1 



► no 



1 07 



.10 2 
.104 



1 0 5 
12 0 



1 0 



130 



[05] 



[06] 



10 7 



102 

^104 



~r v' — 

i o s ttmm 



[01 1] 



-10 1 



■108 



1 1 0 



1 1 0 



^42 



«77>f;t 



1 4 2 



1 4 3 



■ 



1 0 7 
M=L 



1 1 1 



I 10 8 



10 2 
104 



10 5 

1 4 0 " H~^^« 



-^1 o 1 



.10 3 



itm-m 
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[07] 



142 



14 3 



107 



.102 
104 



r v: 
i 



s 



l o 5 j x jfc HM 



[08] 




5; 
4 - 



3 

2 - 



[010] 



[09] 




>uy*um 









[0 




4 2 




/ 




•1T7W 









[013] 



^ *!• *3' 



.4 3 




[HI 2] 
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[014] 



45 -1 



4 3-1 

1 



I 








2-1 







*??2 

1_ 



X 











4 2 





44-2 



[HI 5] 



a*2 



«*3 



**4 



S**5 



